Introduction
The accumulation of anthropogenic litter in marine ecosystems is a growing environmental concern, the complexity and implications of which are not yet thoroughly understood. While significant actions in waste management and disposal have recently been taken (e.g. The Waste Framework Directive and the recent EU Plastics Strategy), the situation regarding plastic pollution is still concerning.
The Marine Strategy Framework Directive (MSFD, 2008/56/ EC) sets the framework for Member States to achieve Good Environmental Status (GES) for their marine waters by 2020 considering 11 descriptors. Descriptor 10 focuses on marine litter, stating that GES is achieved only when "properties and quantities of marine litter do not cause harm to the coastal and marine environment" (2010/477/EU). Recently, MSFD Commission Decision (EU) 2017/848 of 17 May 2017 laid down the criteria and methodological standards to achieve good environmental status of marine waters. This new text categorizes criteria for assessment of good environmental status into primary and secondary ones. Four criteria are associated to descriptor 10, two of them are primary: D10C1/C2 "The composition, amount and spatial distribution of litter/micro-litter on the coastline, in the surface layer of the water column, and on the seabed, are at levels that do not cause harm to the coastal and marine environment", and two secondary: D10C3 "The amount of litter and micro-litter ingested by marine animals is at a level that does not adversely affect the health of the species concerned", D10C4 "The number of individuals of each species which are adversely affected due to litter, such as by entanglement, other types of injury or mortality, or health effects" are below threshold values to be defined by member states through regional or sub-regional cooperation. Therefore, the MSFD, together with the Barcelona Convention and its Protocols, the MLRP (Marine Litter Regional Plan), and where appropriate the recent European Plastic-Strategy (aimed at reducing or forbidding the consumption of selected single-use plastic items), are the main legal tools currently available in the Mediterranean region for the protection of the marine environment from plastic pollution.
Marine litter is currently listed as one of the eight contaminants of the UNEP/GPA (United Nations Environment Program / Global Programme of Action) for the protection of the marine environment from land-based sources and activities and it is now considered as one of the most pervasive pollution issues, affecting all major water bodies on the planet-above and below the surface (Moore, 2008; Galgani et al., 2015) . Besides being aesthetically detrimental, marine litter is a problem for a number of reasons and can negatively impact humans, wildlife, habitats and coastal communities (Katsanevakis, 2008; Deudero & Alomar, 2015; Newman et al., 2015; Rochman et al., 2016) . Harm can happen through ingestion or entanglement by marine mammals, sea birds, turtles, fishes and other animals, with at least 690 species reported to have encountered or ingested marine litter (Laist, 1997; Derraik, 2002; Gall & Thompson, 2015) . In addition, large amounts of secondary micro litter can be generated when larger macro litter undergoes mechanical, photo (oxidative) and/or biological degradation (Thompson et al. 2004; Barnes et al., 2009; Cooper & Corcoran, 2010; Andrady, 2011) .
Being surrounded by a large number of industrialized countries and traversed by numerous busy shipping lanes, the Mediterranean Sea is particularly vulnerable to this form of pollution . Indeed, it has the highest amounts of municipal waste annually generated per person (208-760 kg/year http://www.atlas.d-waste. com) and it is now widely recognized as one of the most affected areas in the world by plastic pollution (Galgani et al., 2014 , Deudero & Alomar, 2015 Cozar et al., 2015; van Sebille et al., 2015; Suaria et al., 2016) . Moreover, being characterized by a net inflow of surface waters of Atlantic origin through the Strait of Gibraltar, with limited outflow possibility for items less dense than seawater (Zambianchi et al., 2014) , the Mediterranean acts as a concentration basin collecting, retaining and accumulating floating material within its borders (Lebreton et al., 2012) .
Despite increasing concerns about the socio-economic and environmental impacts of marine litter on the environment, (e.g. Thompson et al., 2009a; Gregory, 2009; Teuten et al., 2009) and although the Mediterranean basin is generally recognized as a particularly sensitive ecosystem (Galgani et al., 2010) , many gaps still exist regarding temporal and spatial trends in floating litter amounts and distribution in the Mediterranean Sea as well as on its main sinks and sources.
Within this context, we present here the outcome of a shipboard sighting survey of floating natural (NML) and anthropogenic (AML) macro-litter (>2.5 cm) performed during the Spring of 2016 in the Central Mediterranean Sea, with the main objective of providing new information based on real in-situ data about the abundance and distribution of floating litter around the Italian Peninsula. Besides highlighting regional differences in the amount and composition of litter items, our large-scale dataset, provides additional information on the main drivers of litter distribution in the Central Mediterranean Sea, identifying the possible sources of litter dispersion in relation to several factors such as river discharge, coastal population density, oceanographic features, shipping and tourist activities as well as differences due to the use of different methodological approaches. As evidenced by Zambianchi et al. (2017) , the availability of detailed data sets is fundamental to estimate the probability of litter particles reaching different subareas of the Mediterranean basin, singling out the existence of litter hot-spots and retention areas. Therefore, besides providing an updated baseline towards which, future changes in litter occurrence can be assessed, our data provide new resources for future modeling studies of litter movements and dynamics in the entire Mediterranean basin (e.g. Mansui et al., 2015; Liubartseva et al., 2018; Shchekinova & Kumkar, 2018) .
Methods

Visual observations
Data were collected between 27 April and 13 June 2016 during a dual-use campaign onboard the Italian Navy tall ship "Amerigo Vespucci" which circumnavigated the Italian peninsula according to the cooperation agreement between the Italian Navy and the Italian National Research Council (CNR) for developing research projects related to the marine environment. The monitoring of floating litter was connected to other activities of the Italian Navy exploiting the opportunity to use the ship in order to drastically reduce field operational costs (close to zero).
All the observations were performed with the naked eye from the bow area of the vessel (at 9 m above sea level). The observer recorded the GPS position of each object sighted within a strip of known width (see Section Litter density evaluation), and an operator dedicated to the transcription of results, annotated sea state and weather conditions, UTC time, ship speed, geographical coordinates, size and type of all macro-litter items (>2.5 cm). As suggested by the EU MSFD Technical Subgroup on Marine Litter (Galgani et al., 2013) , every item was assigned to one of six size classes (A. 2.5-5 cm, B. 5-10 cm, C.10-20 cm, D. 20-30 cm, E. 30-50 cm, F. >50 cm) and to one of two major type categories: Anthropogenic Marine Litter (AML) and Natural Marine Litter (NML), following . AML was further classified into synthetic polymer materials (bags, bottles, crates and containers/baskets, cover/packaging, mussel nets/oyster nets, synthetic rope, fishing net, fish boxes-plastic, fish boxes-polystyrene, buoys, plastic sheets/industrial packaging, plastic pieces, polystyrene pieces, other plastic/ polystyrene pieces), rubber (balloons and balloon sticks, balls, rubber boots, other rubber), cloth/textile (clothing, rope strings and nets, sails and canvas, other textiles), paper (cardboard, paper packaging, newspapers and magazines, other paper), processed wood (pallets, crates, wood boards, other) and metal (cans, fishing related, wire, wire mesh, barbed wire, other metal). Likewise, NML was classified as wood (mainly logs, trunks, branches), algae (Cystoseira spp., Sargassum spp., other), terrestrial vegetation (canes and bamboo, leaves, flowers) and others (e.g. cuttlefish bones, pumice, feathers, etc.).
The observations were all performed throughout daylight hours, during regular navigation of the ship at a mean speed of 7.28 knots. The survey effort was split into 30-min transects (mean length: 6.14 ± 2.63 km), changing operators after each transect in order to prevent fatigue for the observers. The exact distance covered during the transects was calculated from GPS start and stop positions using Q-GIS Software and the concentration of floating items was then related to the known transect width (Section "Litter density evaluation''). Meteorological data such as wind speed and direction were retrieved from the ship's navigational instruments, and only data taken in good visibility conditions (i.e. wind speed <21 kts and wave height <2 m) were retained and analyzed.
The study area was divided into 8 main sectors, following the biogeographical subdivision of the Italian seas proposed by Bianchi et al., (2004) :
1. the Ligurian Sea, belonging to the north-western area of the Mediterranean;
2. the coastline of Sardinia (and Corsica) and the northern Tyrrhenian sea, belonging to the northern central-western area of the Mediterranean;
3. the whole coastline of Campania, the Tyrrhenian coastline of Basilicata, Calabria and Sicily, as well as most of the southern Sicilian coastline, belonging to the southern central-western area of the Mediterranean;
4. the Strait of Messina (a "micro-sector"); 5. the eastern coast of Sicily (except for the Strait of Messina), the Ionian coastline of Calabria and Basilicata and the southern part of the Salento peninsula up to Otranto (in Apulia region), belonging to the central-eastern area of the Mediterranean;
6. the coastline of Murgia (south of the Gulf of Manfredonia) and Salento, north of Otranto, belonging to the southern Adriatic section; 7. the coastline from the Gulf of Manfredonia up to the Conero promontory, belonging to the mid-Adriatic sector;
8. the coastline from Conero to Istria, forming the northern Adriatic sector.
The number of surveyed transects per sector varied from 4 to 42 ( Fig. 1) , mainly due to different weather conditions, size of each sector, navigational schedules and operational needs during the cruises. The location of all transects and surveyed sectors is illustrated in Figure 2 .
Litter density evaluation
As recommended in the monitoring guidelines developed by the EU MSFD Technical Subgroup on Marine Litter (Galgani et al., 2013) , the distribution, abundance and composition of floating litter were assessed using a 10 m fixed-width strip transect method.The strip-transect technique involves counting the number of items detected within a fixed-width strip and the results are expressed as a simple index of abundance (Bibby et al., 2000; Spurr et al., 2012) . It is important to keep in mind that the number of items identified is only indicative of the real density values, since this method is based on some simplifying assumptions. A fundamental assumption, for instance, is that the detection probability within the transect width is 100%. Moreover, the observations are restricted to predetermined boundaries, outside of which the observed objects are not recorded. This predetermined boundary should be representative of the visibility conditions encountered during the survey, and it will be mainly related to the speed of the ship and the height of the observer above sea level. Therefore, based on the characteristics of our observational set-up, a relatively narrow strip of 10 m was adopted following the recommendation of Galgani et al., 2013 , so that the main assumptions of strip-transect method could be met. Raw counts of AML and NML were then converted into density values by dividing the total number of sighted items by the effective area surveyed in each transect, using the following equation:
Where ni is the number of items seen on transect i, L i the length of transect i and W (10 m) the fixed width of the strip transect (Andersen et al., 1985; Kullbicki & Sarramėgna 1999) . The densities of anthropogenic and natural litter were computed in all transects, expressed as numbers of items per km 2 and plotted on a density map using Q-GIS Software (Fig. 2) .
Statistical analysis
Non-normal distribution of data was evaluated by the Shapiro-Wilk test for AML and NML densities in all transects. Spearman's non-parametric correlation coefficient was used to test significant relationships between the abundance of floating anthropogenic and natural macro-litter and environmental variables in all transects as well as between the density of floating natural (NML) and anthropogenic (AML) macro-litter throughout the whole survey area and for each sector separately. The environmental variables considered were wind speed (measured in knots), wind direction (measured in degree) and height of waves (measured in meters). Each environmental variable, acquired for each transect, was correlated to the density of floating natural (NML) and anthropogenic (AML) macro-litter using the Spearman rank correlation test. Spearman coefficients were calculated between each pair of the above cited variables for each different sector and for the whole basin. Spearman's coefficients were computed from the ranks of the data values rather than from the values themselves. The Kruskal-Wallis test was used to determine statistically significant differences between the medians of AML and NML within the sectors of the study area. The software used was STATGRAPH-ICS Centurion 18.
Results
Litter distribution and concentration
Over 88 h of transect counts were performed, for a total of 168 transects, covering an overall survey length of 1026.35 km. AML was found in 97% of all transects, with concentrations ranging from 0 to 9205 items/km 2 and a mean abundance of 492 AML items/km 2 across the whole study area (Fig. 2/A) . The highest AML concentrations were recorded in single transects performed in the Northern Ionian Sea (9205 items/km 2 ), in the Northern Adriatic Sea (4514 items/km 2 ) and in two transects performed in the Southern Adriatic (4119 and 4382 items/km 2 ). Conversely, no AML was sighted only in a few transects performed along the coastline of Sardinia (Sector 2) and in the Strait of Messina (Sector 4). NML on the other hand, was present in 63% of the transects, with densities consistently lower than AML, ranging between 0 and 692 items/km 2 and with a mean total density of 78 NML items/km 2 across all surveyed locations (Fig.2/B ). Maximum concentrations of NML were observed in transects performed in the Central Adriatic Sea, in the Northern Ionian Sea and along the coastline of Sardinia and Corsica, where values equal to 679, 693 and 612 items/km 2 were registered, respectively. No NML was sighted only in a few transects performed along the Sicilian coast, in the Strait of Messina and in the northern Tyrrhenian Sea.
When computing the mean densities of anthropogenic and natural marine litter in all sectors separately, the southern Adriatic Sea (Sector 6) proved to be the most polluted region with a mean AML concentration of 1313 items/km 2 , followed by the central (Sector 7) and northern Adriatic (Sector 8) which had mean AML concentrations of 535 and 414 items/km 2 , respectively (Fig. 1) . The lowest AML concentrations (165 and 47 items/km 2 ) were found along the coastlines of Corsica and Sardinia (Sector 2) as well as in the Strait of Messina (Sector 4). The highest NML concentrations (> 100 items/km 2 ) on the other hand were observed in the Southern Adriatic (Sector 6) and in the Ionian Sea (Sector 5), while the lowest mean concentrations (16 and 4.8 items/km 2 ) were found in the waters around Sicily (Sectors 3 and 4) . The Kruskal-Wallis test confirmed the statistically significant differences in the abundance of AML (Test statistic = 20.23, P-Value = 0.0004) and NML (Test statistic = 23.74, P-Value = 0.0001) between all surveyed sectors, highlighting a remarkable spatial heterogeneity in the distribution of floating material within the study area.
Composition
A total of 5493 floating items were counted during the survey, 4756 of which were AML (87%) and 737 NML (13%). Synthetic polymers (generally known as "plastic") were the most abundant and ubiquitous type of AML registered (Fig.1) , representing by far the greatest proportion of all anthropogenic objects (96.9%, 4609 objects), followed by paper/cardboard (1.0%, 50 objects) and textiles (1.0%, 48 objects).
While some intact objects were seen (e.g. bags, bot- tles, containers, etc.), irregularly shaped fragments were the dominant type of litter observed, representing 74.5% of all plastic items (n = 3432). Packaging related items (plastic sheets, cover/packaging, foam packaging/insulation/polyurethane) represented 6.3% of the total plastic items (292 items), followed by plastic bags (6.3%, n = 289 items), plastic bottles (1.8%, n = 83 items) and fishing gear (3.0%, n = 102 items), mainly consisting of mussel nets, synthetic ropes, fishing nets, buoys, and fish boxes (Fig. 3) .
The overall size-class distribution of floating litter (AML + NML) revealed a marked prevalence of smaller objects ranging between 2.5 and 10 cm (68% of the total, 3733 objects). 17% (930 objects) of all objects were between 10 and 20 cm; 7% (379 objects) were in the 20-30 cm size range, just over 4% (222 objects) were comprised between 30 and 50 cm and only 4% of the objects (227 items) were bigger than 50 cm.
On average, the highest percentage of plastic materials was recorded in the Adriatic Sea (Sectors 6 and 7; Fig.2/A) , where it made up more than 90% of all observed litter showing maximum densities of 1295 and 499 items/ km 2 respectively. High plastic concentrations were also registered in the Ligurian Sea and in the North Adriatic Sea (Sectors 1 and 8; Fig.2/A) with mean abundances of 365 and 397 plastic items/km 2 respectively. Conversely, the lowest mean concentration of plastic items (43 items/ km 2 ) was found in the Strait of Messina (Sector 4).
Natural Marine Litter mainly consisted of pieces of wood of various sizes (branches, log and trunks) accounting together for 56.0% of all NML, followed by Algae (18.3%) mainly Cystoseira spp.; other natural litter such as cuttlefish bones and pumice (11.3%); canes and bamboo (7.33%) and other terrestrial vegetation such as leaves and flowers (7.1%). Wood occurred in particularly high abundances in the Adriatic Sea, peaking respectively at a maximum of 90 and 70 pieces of wood per km 2 in sectors 6 and 7. Over the large scale, no significant correlation was found between the abundance of floating litter and environmental variables (wind speed, wind direction and wave height). On the other hand, an overall positive correlation was found between the total abundance of AML and NML throughout the area surveyed (Spearman's R = 0.4649; p < 0.0001; n = 168), indicating that on a large scale, natural and anthropogenic litter tend to accumulate in the same regions, respond to the same physical processes or share the same sources (Fig. 4) . Nevertheless, when sectors were individually examined at higher spatial resolutions, a significant correlation between AML and NML was only found for sector 2 (Spearman's R = 0.334; p = 0.0326) and sector 6 (Spearman's R = 0.558; p = 0.0024). 
Discussion
AML densities found in our study (mean value 492 items/km 2 ; max: 9205 items/km 2 ) are in accordance with the abundance of floating objects observed in the Strait of Malacca (Ryan, 2013b) , in Indonesian waters (Uneputty & Evans, 1997) and in the Northwest Pacific (Titmus & Hyrenbach, 2011) , where very high AML concentrations, often exceeding 4000-6000 items/km 2 were found, as well as with some noticeably high values recently reported from the Adriatic Sea and from the Eastern Mediterranean basin (Constantino et al., 2019) . Conversely -with the only notable exception of an early study by Morris (1980) -lower AML concentrations are usually reported in Mediterranean waters, with mean values ranging from 2-5 items/km 2 (e.g. McCoy, 1988; Topçu et al., 2010; Arcangeli et al., 2018; to 15-175 items/km 2 (e.g. Aliani et al., 2003; Carlson et al., 2017; Di-Méglio & Campana, 2017; Ourmieres et al., 2018; Palatinus et al., 2019) . Such discrepancies could be attributed to actual inter-annual or seasonal changes in litter input and abundance in the basin, or to other contingent factors including varying meteorological conditions, distance from land (Ryan, 2015; Pedrotti et al., 2016) , observation height, position and speed of the ship, which can all greatly affect the estimation of litter concentrations at sea (Dahlberg & Day, 1985; Ribic et al., 1992; Titmus & Hyrenbach, 2011; Goldstein et al., 2013; Ryan, 2013b; Campana et al. 2018) . Most likely though, in our case a key role was played by substantial differences in the sampling protocols and platforms adopted by different studies (i.e. distance sampling vs strip transects; sailing boats vs larger research vessels).
As a matter of fact, a wide variety of approaches have been used in recent years to monitor and quantify the abundance of floating litter, although a careful and systematic evaluation of their performance has never been performed. When conducting surveys from ferries for instance, the speed of the ship and the height of the observer above sea level are much greater than on research vessels or sailing boats (e.g. Arcangeli et al., 2018 and Campana et al., 2018) . As a consequence, only items bigger than 20-25 cm can be effectively recorded while most smaller fragments are generally overlooked, thus explaining the observed differences in litter concentrations (85% of all objects sighted during our survey were <20 cm). In addition, the experience of the observer, as well as the counting protocol adopted can also noticeably influence the estimation of litter density. Therefore, the lack of standardized counting techniques is currently hampering meaningful comparisons between surveys and the adoption of a harmonized approach represents an urgent requirement (Aliani et al., 2003; Ryan, 2013b) .
Another factor that could have influenced our results is the location of our transects and their distance from the coast. As a matter of fact, during our circumnavigation of the Italian peninsula, the route taken by the ship was mostly coastal (Fig. 2) , as opposed to the off-shore location of other studies reporting lower litter concentrations (e.g. Arcangeli et al., 2018) . This would suggest a decreasing gradient in litter concentrations moving from coastal to off-shore waters, which is consistent with the assumption that most litter derives from land-based sources, as already demonstrated by Ryan (2015) off the coast of South Africa, but somewhat in contrast to what was recently found for floating microplastics in Mediterranean waters (Pedrotti et al., 2016) .
At the same time, the very high values registered during this campaign might provide an indication of an increasing trend in Mediterranean litter concentrations over recent years. In the Adriatic Sea for instance, AML densities went from an average of 27.6 items/km 2 observed between May and October 2013 , to average values of 112.8 items/km 2 , 175.3 items/ km 2 and 251 items/km 2 observed between 2014 and 2015 (Carlson et al., 2016; Palatinus et al., 2019 and Zeri et al., 2018 respectively) , up to a mean value of 842.3 items/ km 2 observed during this survey (Spring, 2016) .Therefore, especially in light of a 13% increase in international tourist arrivals (UNWTO, 2018) combined with a steady 9% increase in European plastic demand (Plastics Europe, 2017), a current increase in the fluxes of marine litter into the Adriatic Sea cannot be ruled out, even though no clear increase in AML concentration was found in the Liguro-Provençal basin by Di-Méglio & Campana, (2017) over a 10 year survey of floating litter distribution performed between 2006 and 2015.
Once at sea, winds and surface currents are the primary driver of floating litter transport in the marine environment (Lebreton et al., 2012 , Liang et al., 2018 . The main large oceanic convergence zones (''garbage patches'') are characterized by high concentration areas of plastic fragments (Ryan, 2014; Lebreton et al., 2018) , with the accumulation of floating materials directly related to the anticyclonic wind force and its associated Ekman transport (Eriksen et al., 2014 , Cozar et al., 2014 . At a finer scale, regional seas have also been under investigation, with the Mediterranean region systematically showing levels of plastic pollution comparable, if not higher, than those found in the main oceanic convergence zones (Cozar et al., 2015; Suaria et al., 2016) . Existing numerical simulations however, seem to exclude the presence of permanent accumulation areas in the Mediterranean basin, suggesting instead the existence of seasonal short-term retention areas, combined with a substantial accumulation of plastics on the coastlines and on the sea bottom, with relatively short residence times of floating objects at sea in the order of 7-80 days (Liubartseva et al., 2016; 2018; Carlson et al., 2017; Politikos et al., 2017; Zambianchi et al., 2017) . Within this context, the high concentrations of litter found in the Adriatic basin, would be the reflection of very high inputs into the basin, rather than accumulation and retention of floating material on the sea surface. It should be noted however, that most of these modeling exercises rely on simplified parameterization of litter behavior at sea and as of today, they are not capable of accurately resolving the fine-scale inter-and intra-seasonal pulsations in litter inputs into the basin, which are largely driven by temporal variations in anthropogenic factors such as tourism, beach usage, coastal population, river outflows, waste production and maritime traffic (Zambianchi et al., 2017) . Within this context, the organization of regular monitoring campaigns would be highly beneficial to the validation and improvement of the prediction capabilities of existing models.
Regarding the distribution of floating material over the central Mediterranean, our findings seem to confirm the patterns previously reported by Suaria & Aliani in 2014, with maximum densities of anthropogenic litter found in the Southern Adriatic Sea and lower densities observed in the Central Tyrrhenian and Sicilian Seas. The Adriatic Sea has recently been highlighted as a hot-spot for floating Zeri et al., 2018; Palatinus et al., 2019) , benthic (Pasquini et al., 2016; Fortibuoni et al., 2019; Strafella et al., 2019) and beach litter (Vlachogianni et al., 2018) , and our findings provide further evidence about the severity of the problem for the entire Adriatic region. Indeed, the Po river in the Northern Adriatic, was already identified as one of the largest contributors of plastic pollution to the entire Mediterranean, being responsible for an annual influx of 1350 tons of plastic year -1 (Liubartseva et al., 2018) , with this also explaining the higher concentration of natural litter observed in this region (presumably of riverine origin), as well as the correlation between the two in the entire Adriatic basin. Similarly, high concentrations of both AML and NML were found in the northern Ionian Sea, perhaps suggesting the co-existence in this area of shared sources or favorable hydrographic conditions to the local retention of floating material. On the other hand, the low concentrations of AML and NML observed along the coastlines of Corsica and Sardinia, as well as in the Strait of Messina could be related to the highly dissipative characters of these regions or alternatively, to the relative absence of large pollution sources in these areas.
On the whole, very high levels of plastic pollution were found in our study area, with plastic items accounting for 97% of all anthropogenic materials observed. This figure is consistent with information reported from other parts of the world (e.g. Derraik, 2002; Thiel et al., 2003; Gregory, 2009; Hinojosa & Thiel, 2009; Titmus & Hyrenbach, 2011; Ryan, 2013a.) , as well as from the Mediterranean Sea (Galgani et al., 2010; Pasquini et al., 2016; Vlachogianni et al., 2018; Zeri et al., 2018; Constantino et al., 2019; Palatinus et al., 2019) , consistently reporting the prevalence of plastic (accounting for more than 70%, sometimes up to 90-100%) in floating, benthic and beach litter. Most of the plastic items observed during our survey were categorized as irregular plastic fragments, suggesting a secondary origin of these items, probably derived from the fragmentation of larger objects. Progressive fragmentation of these items, likely to be favored by continuous beaching and resuspension along Mediterranean shores, will inevitably contribute to the pool of secondary microplastics (<5 mm), already copiously present in Mediterranean surface waters (Collignon et al., 2012; de Lucia et al., 2014 , Cozar et al., 2015 Panti et al., 2015; Fossi et al., 2016; Ruiz-Orejón et al., 2016; Suaria et al., 2016; Baini et al., 2018; Ruiz-Orejón et al., 2018 , Palatinus et al., 2019 .
In conclusion, our findings record substantial amounts of floating anthropogenic material around the Italian peninsula confirming once again the severity of the marine litter problem for the entire Mediterranean region. Very high quantities of small plastic fragments were observed and floating litter densities were generally higher than those previously reported from the Mediterranean Sea. The problem is aggravated by the basin's limited exchanges with other oceans, its densely populated coasts, highly developed tourism, heavy maritime traffic and various additional inputs of litter from rivers and urbanized areas (UNEP, 2015) . Our results clearly underline the need for systematic monitoring campaigns in order to fill the knowledge gaps in our understanding of litter dynamics and behavior in the Mediterranean Sea as well as to monitor the effectiveness of recent and future regulatory actions. Research should now focus on expanding our knowledge about the main sources, transport, impacts and fate of marine litter in the marine environment as well as on defining standardized methodological approaches, a fundamental requirement for meaningful comparisons of different datasets. Furthermore, effective management strategies are urgently required to prevent and contain the release of litter into the marine environment in order to select key priorities to design a program of mitigation strategies and support the monitoring of their effectiveness over the entire Mediterranean region.
